Overproduction of the ER membrane protein Rcr1 makes Saccharomyces cerevisiae resistant to Congo red by reducing the chitin content through a unknown mechanism. By both co-immunoprecipitation and yeast two-hybrid experiments, specific interaction between Rcr1 and the ubiquitin ligase Rsp5 was found. This binding was largely mediated by a singular VPEY sequence in Rcr1 in addition to PPSY, the consensus ligand motif of the WW domains. Mutant analysis indicated that Rsp5 and other Rcr1-interacting proteins discovered in the current screen were not engaged in Congo red resistance.
Rcr1 is a novel ER membrane protein whose overproduction makes Saccharomyces cerevisiae resistant to Congo red through a reduction in the cell-wall chitin content. 1) Although chitin synthase III was probably regulated by Rcr1, the apparent amount and localization of the catalytic subunit (Chs3) and regulatory proteins (Chs5 and Chs7) were not altered. 1) We sought to examine proteins that interact with Rcr1, in a hope that one of them might link ER-resident Rcr1 and functional chitin synthase III at the cell surface. For example, a yet unknown regulatory factor of chitin synthase III might be trapped in the ER by the effect of overproduced Rcr1. The S. cerevisiae strains and plasmids used in this study are listed in Tables 1 and 2 respectively. Other experimental procedures were as described previously. 1, 2) First, anti-myc immunoprecipitates from 1% Triton X-100 extracts of yeast carrying 6myc-tagged Rcr1 or the control were analyzed by SDS-PAGE. A 70-kDa Omannosyltransferase Pmt4
3) and 83-kDa HECT-type E3 ubiquitin ligase Rsp5 4) were found by tryptic peptide mass fingerprinting analysis. The interaction between Rcr1 and Pmt4 or Rsp5 was confirmed using the tagged Pmt4-3HA protein or anti-Rsp5 antibody (a generous gift from Dr. Linda Hicke of Northwestern University). The pmt4Á null mutant was viable and became Congo red resistant with the introduction of multicopy RCR1.
Therefore, although Pmt4 binds to Rcr1, it does not work in the mechanism that reduces chitin content.
We also adopted yeast two-hybrid screening to find the proteins interacting with Rcr1. Because the N-terminal lumenal domain of Rcr1 is dispensable in Congo red resistance, 1) we selected the C-terminal cytoplasmic domain (amino acid 62-213, Fig. 1A ) as the bait. The tester strain PJ69-4A, which has two reporter markers, HIS3 and ADE2, was transformed with pGBD-RCR1 and the pGAD library, YL2H-C1, YL2H-C2, or YL2H-C3. 5) Fragments containing RSP5 or YNL144c were obtained repeatedly. YNL144c encodes a previously uncharacterized 84.2-kDa protein of 740 amino acids. This protein has a Pleckstrin Homology (PH) domain (Fig. 1A, striped) which possibly binds to inositol phospholipid. The fragments obtained in the screening contained this domain, but smaller fragments, one of which contains the entire PH domain, did not give a positive interaction with Rcr1 (Fig. 1A) . YNL144c is a nonessential gene, and a ynl144cÁ null mutant was obtained from EUROSCARF. When multicopy RCR1 was introduced in it, the transformants showed clear resistance to Congo red. Therefore, Ynl144c too does not participate in Congo red resistance.
Interaction between Rcr1 and Rsp5 was detected both in immunoprecipitation and in the yeast two-hybrid experiment. The Rsp5 ubiquitin ligase was recently identified as an important regulator of endocytic processes, 6) and therefore Rsp5 might somehow be involved in the regulation of chitin synthase III. RSP5 is an essential gene, and thus its null mutant is unavailable to determine its role in Congo red resistance. Rcr1 has been included in the ER proteins, which were ubiquitinated in an Hrd4-dependent manner, by a proteomic study. 7) Rcr1 has two lysines that may be ubiquitinated at the 130th and 208th residues. When both lysines were replaced with alanine, the RCR1 KK!AA mutant with no lysine also conferred Congo red resistance. Therefore, ubiquitination of Rcr1 does not participate in Congo red resistance.
Next, we sought to construct mutant Rcr1 proteins with defects in the interaction with Rsp5 and to examine y To whom correspondence should be addressed. Fax: +81-3-5841-8008; E-mail: asdfg@mail.ecc.u-tokyo.ac.jp the effect on Congo red resistance. Rsp5 has a Cadependent phospholipid-binding C2 domain, three class I WW domains which bind to PPXY motif-containing ligands, and a ubiquitin-conjugating HECT domain. The fragments obtained in two-hybrid screening did not contain the C2 or the complete HECT domain (Fig. 1A) . Therefore, the WW domains of Rsp5 and its ligand sequence, 82 PPSY of Rcr1, are possibly involved in their binding. To test this prediction, we constructed a mutant Rcr1 in which 82 PPSY was replaced with 82 QASY. The mutant rcr1 QASY (amino acids 62-213) had a somewhat reduced but still significant activity binding to RSP5-WW (amino acids 169-650) in twohybrid assay (Fig. 1B) . A comprehensive amino acid replacement study of the WW domain-binding decapeptide GTPPPPYTVG suggested that LPXY, SPXY, VPXY, and APXY had a weak binding activity, 8) although a study using phage display of ligand peptides showed that all three WW domains of Rsp5 selected only PPXY motifs. 9) Since Rcr1 has a 104 VPEY sequence (Fig. 1A) , we replaced it with 104 VAEY. The rcr1 VAEY mutant did not show interaction with RSP5-WW in the two-hybrid experiment (Fig. 1B) . This indicates that 104 VPEY was more responsible than 82 PPSY for the binding of Rcr1 to Rsp5. The rcr1 QASY/VAEY double mutant also showed no interaction. The two-hybrid assay additionally indicated that the interaction between Rcr1 and Ynl144c depended on the 82 PPSY sequence of Rcr1 (Fig. 1C) , but we did not examine the nature of this interaction in further detail.
To test the function of the mutant Rcr1 proteins with reduced interaction with Rsp5, full-length mutant genes were constructed. Both amino acid replacements had a significant effect, and Rsp5 was only very faintly detected in the immunoprecipitates of the single mutant 6myc-Rcr1
QASY and 6myc-Rcr1 VAEY by Western blotting (Fig. 1D) . Rsp5 was not detected in the precipitate of the double mutant 6myc-Rcr1
QASY/VAEY at all. The preference for 104 VPEY over 82 PPSY found in the yeast two-hybrid experiment was not observed in the immunoprecipitation from the detergent extract, and they were likely to work cooperatively in binding to Rsp5. Similar cooperativity of PXY motifs was recently reported in the binding of Rsp5 and Rvs167, which has APSY and YPQY in addition to PPAY. 6) Hesselberth et al. suggested that multiple WW domains and multiple ligand motifs might contribute to optimizing protein-protein interactions. 10) As for the function of Rcr1, all the rcr mutants still conferred Congo red resistance (Fig. 1E) . This indicates that the amino acid replacements did not damage the functional structure of Rcr1, and that binding to Rsp5 is not required for Congo red resistance.
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